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ST'JDY  OF  iRFoRT.  *  l  :'IhLD  .JiTILLURY  PRACTICE 

1.  PROJECT;  a.\3ii.  :ic.  3"  end  !J?HC  Fo.  SIC-11  -  3tudv  of  Lrrors  in 
Field  Art  II  .?v;  Practice,  First  P  .rti«  1  Report. 

...  AutToriW:  Ltr.  A  'F,  hly.68  (K)  (8  ,*pr  19*,f)  rSMR  1-10/78201 
d  .ted  8  .  pv.  i  19.’ 

",  ” _ e:  To  mcate  r*r-  Li.*  nary  observations  on  the  nature,  so  iree 

aid  ,.r  *  t  :*•»  r  errors.  i  eh  c -.c  ir  in  Field  rtillery  practice  nd  to  out— 
ii*  e  a  p'.  •  for  rirt.her  study  deal  rued  to  deterrdne:  (1)  the  causes  ami 
relative  fre  .e  of  •rro’-f  fro*  d'ffere'.*  sc-j-ces;  ( 2 ,  the  relat/v*  influence 
f  »r-  f  *-  /fcrlwas  source;  r  in  c ff ect. venevs  and  density  of  »r<  ill cry 

fir  ’;  '  jy  d»«-  o  .*r  -e  of  i  v>rov  i.  -|t  in  effectiveness  of  artillery  fir.  ".hich 
'an  - *  *v-  .'ctec  f*  r*v*»w  eh-ures  In  instrument*  and  procedures. 


»  M->ints  hive  c...erg'-«i  fro'*  11  e  preliminary  studio:  wmich  a.re 
t. . .  further  tonsidemti  ••»*>  of  V.e  problem: 

...  nv«  occurrence  tr  urror  in  Field  artillery  practice  is  generally 
’~ecue..'  o;;.  .  •  ..  i  tn**  *»*r./ n  nr*  trace. .bie  tc  certain  weaknesses  in  U.e 

*•  .tet,  fe.akne^;  •  Lr  tve  ’hot  .»>  positive  protection  against  rrors  is 

prov  d— •.  .*•’  r’.i.lci.  off. cere  emphasise  the  relativ«A;  gr-ater 

frequenc..  of  -i  j  .utong  .sen  w.o  have  not  been  highly  trained.  In  nor..iai 
procetine  .r.-imnr,  ful*  consideration  is  given  to  the  source::  of  error  and 
it  is  said  tn.it  t..e,.  .re  li  rrely  elii.  mated  through  repeated  «.nd  prolonged 
training,  together  with  selection  of  .rtiiiery,  personnel  by  trial.  In  this 
way,  recounted  opportunities  for  mistakes  are  overcone  to  a  large  extent. 

This  method  of  exiuination  of  errors  Lreoki  down  in  the  .aorr  ucceleracod 
war- tine  tra^ninr  progress,  and  tie  frequency  of  errors,  therefore,  assumes 
.-re.iter  importance,  as  a  general  st.teiaent,  it  w.y  oe  said  that  the  present 
problem  is  one  of  .linimicin?  opportunities  for  error  so  tii.it  fewer  .aistukec 
will  be  .ia.de  despite  limited  trainin'*. 


b.  The  preliminary  observations  indicated  no  cloar-cut  pattern 

of  occurrence  of  errors  at  uriy  particular  point  or  points  within  the  system. 
Errors  h*.ve  been  observed  wherever  conroande  ere  formulated,  transmitted  or 
executed,  and  at  every  situation  involving  the  setting  and  reading  of  instru¬ 
ments,  making  computations  t  etc.  The  1C<  mil  error,  r o  comvmly  mentioned, 
is  not  unique.  Others  of  lesser  or  greater  mapniiude  ooc  ir  with  considerable 
frequency  and  for  i.uite  different  reasons. 

c.  The  occurrence  cf  an  error  at  any  point  i  i  the  sy:  .em  car. not 
always  be  regarded  a*,  an  isolated  ev»">t  which  can  oc  uttriuut.od  entirely  to 
the  operator  or  instrument  at  the  point  of  oc^urr*  we.  Cn  the  contrary,  in  a 
well-trained  unit  there  app*uii,  to  be  .1  .*  relati*'-.  h»*t,««  on  ite  occurrence  of 
errors  and  i.i  .  •diatefy  preceding  confusion  of  coceu.uds  t  ncorroet  .  u:is  assi on 
of  data  or  departure  fro^  standard  operatin’'  .  , Thiy  interrelation 

of  stsps  in  toe  while  system  is  w«*L  rec»gni~ed  a**4  con  ♦ » •  .Lea  '  «ic.  reauon 
for  triphasic  in  trainir^  and  practice  ur  .  ci  k.v  al-idard 

operating  procedures. 

d.  .lihiie  ut  •*"*•  ..  (**  e***-’**  l-l.  ...  i>lU‘"  •  all  „ .  reus  ..f  ei.»r , 
it  is  recognized  up  t  ♦*  !t,  is  d-  '‘fie  nw,  it  -  >t  imix>;  ax  u,  r  at  tain  lent. 

It  is  necessary,  therefor*-,  to  evaluate  the  re.otive  unp-i  V~.  ’«  <>.  c-~z  *"» -n 
of  error  in  accordance  with  a  co  .  on  ..nd  ;i«><uingful  yards*  «.».'•  ■  "-”ma  .u  <.  f 
importance  if  the.  increase  expenditure  «f  u  ..(.uni  siu;»,  dec  re  s«.  ~  denuitw 

and  effectiveness  of  fire  on  a  turret ,  nring  f.i«  onto  f;  er.:U,  tr^op-  or 
pxevent  U.e  deiired  close  ..rtillerv  supurrt  to  t..e  infan*  —  „  pi  “in  error, 
ruci;  as  100  in  in  deflection  or  elevation,  ic.  i  t  r  source  of  duiy****  u>  friendly 
troops,  but  in  registration  or  adjustment  it  is  frequently  n-  01, /lour  taut  it 
will  be  recorniued  raid  corrected  wit’  r.o  great  v.wu  of  a-nuni tiori  or  ti  ie„ 

On  the  other  hand,  an  error  of  small  magnitude  lay  .*o  ur.retm,t»ni  *’.ed  and  cause 
considerable  lose  of  a  munition  a  m  tj.  e  aefore  its  effect  it,  elimnated.  In 
this  connection,  it  is  recalled  that  throughout  t!.e  proc-J^a  of  adjusting  fire, 
the  observe**  mutt  assume  that  the  shifting  of  burst  whicn  he  observes  correctly 
follows  his  commands  or  transmitted  ditu,  If  this  ir  not  the  case,  his  technic 
of  adjustment  breaks  d'.w»’.  In  fire  for  effect,  large  errors  are  no  more 
*  ■  oortait  than  snail  err  rf  if  both  isn  the  t,.reot.  The  influence  of  an 
error  upon  of fecti venet a  r  fire  *s  not  nccessnrilv  remov'd  by  correction 
l  efore  firinr.  Delay  ir.  .•recution  of  co  viands  ioy  increase  tne  tine  to  bring 
in  the  fire  of  me  of  the  v-atter\?r  and  thus  reduces  the  effectiveness  against 
turrets  which  require  a  e.ven  density  of  fire  fi.r  accomplishment  of  .mission. 

In  --.ch  ca.e..  the  magnitude  f  the  so  tent* al  error  ha-,  no  significance. 

e.  It  is  not  artj  ciyated  taut  simplified  procedures  and  improvements 
in  instru'vnts  and  aids  will  elidrute  r.il  »mr:i,  mhe  proper  training  of 
n*»u  to  insure  concentration  upon  the  job  at  hand  is  of  j  riiv-ry  importance  and 
mst  remain  so,  even  in  the  .lo^t  ideau  syrtca. 

3.  ■x-hCLMnic rr. : 

a.  Errors  occur  at  all  point  ir.  n eld  Artillery  practice  wnere 
com,.ads  ure  for  «iiott*d,  transmi t ted  or  executed,  data  collected  and  recorded 
•nd  co:qpututions  m.«de,  ami  In  ever:*  operation  requiring  setting  and  reading  of 
in_  tr^r.enta . 


o.  There  is  evi Gently  mo  clear-cut,  repeating  pattern  of  error* 
which  direct  attention  to  »  few  particular  sources.  The  frequency  of  errors 
decrease;  with  increased  training  but  the  distriixition  with  respect  to  source 
Hoes  not  change  to  a  narked  decree, 

c.  Oovioue  sources  of  error  are  seen  in  the  operation  of  certain 
ins trument::  which  can  re  largely  eliminated  by  improved  derign.  Others  are 
caused  by  more  obscure  factors,  requiring  further  investigation  before  they 
can  be  clearly  defined  and  iiaprovenents  effected. 

а.  RSfrUX^.’-TIOfC: 

a.  That  every  instru.ne.it  employed  in  tne  conduct  of  ,»rtilli»rj  fire 
he  st.  .died  systematically  with  reference  to  it?  probable  contribution  to 
errors  and  improved  instruments  be  designed  to  eliminate  such  rources  of  error 

b.  That  a  critical  Job  analytic  be  made  of  eacn  major  division  of 
the  operations  involved  in  the  conduct  of  Artillery  fire,  to  provide  .aore 
detailed  infor.mation  relative  to  the  r&us  *s  of  error  and  U>  furnish  tile  basis 
for  develc  prvnt  <.*f  methods  of  improve  .unt. 

c.  That  test  facility  v  ,  including  moans  for  complete  i  coordi  ng  of 
a-.  .per;  ticii  in  the  conduct  of  fire,  be  established  and  employed  (1)  for 
measuring  the  relative  influence  of  errors  froia  different  sources  upon  tie 
cvor«*^l  effectiveness  of  Artillery  fire  *:?  (2)  to  determine  the  degree  of 

i  prove  lent  in  effectiveness  of  fire  which  can  he  expected  from  improved 
instruments  or  proposed  change  :  •  procedure. 

l>,  .tCKHC'.,'LLTyih  TLuT;  The  daw  _n  Tables  1,  a  and  h  .»nd  ot..or  specific 
Hr  ta  presented  in  the  «p;*ndix  were  provided  by  toe  Field  tiller,.  School, 
Fort  Sill. 

б.  CPI.  JTiRal.'Ch:  The  present  report,  conclusion.!  n.id  recommendations 
represent  tne  joint  work  of  the  all*.  and  the  sta^f  of  'iDJ.C  hro^cct  10b- 11. 

The  rejx>rt  is  concurred  in  hy  Dr.  John  P.  Ilafe,  Director,  Project  SCS-11. 

Prepared  hy; 

Theodore  F.-  Hatch,  Lt,  Col.  3n  C,  A‘!Ri. 

Steven  II.  Horvath,  Capt.,  Sn  C,  A'iRL 


apt  vrm  iTf 


j  U.  .d*t  •A.b'LL 
Colo  .el,  Hod leal  Corps 
Co  nar.rii  ng 
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APPENDIX 

1.  For  pur i  oae  of  defining  the  problem  of  errors  in  Field  Artillery 
practice  and  in  order  to  formulate  a  definitive  program  of  investigations 
and  development  of  means  for  the  elimination  , or  minimizing  of  errors,  pre¬ 
liminary  field  observations  were  made  at  the  Field  Artillery  Replacement 
Training  Center,  and  100th  Division  at  Fort  3ragg,  followed  by  further  investi¬ 
gation  in  the  Field  Artillery  School  at  Fort  Sill,  and  discussion  of  the 
problem  with  the  School  staff.  Owing  to  the  limited  period  of  observation 

and  to  the  fact  that  little  quantitative  data  were  collected,  the  present 
statement  of  the  problem  and  the  proposed  plan  for  future  study  are  not 
necessarily  complete,  basically,  however,  it  is  believed  that  the  problem 
has  been  fairly  well  defined  and  pc  major  change  in  plan  of  study  is  antici¬ 
pated. 

2.  Summary  of  Observations  and  Data: 

a.  Surveys  Errors  in  survey  are  reported  in:  (1)  measuring  angles, 
(2)  measuring  distances,  (3)  computations  of  coordinates.  The  error  most 
frequently  reported  to  us  was  in  measurement  of  distance  -  the  so-called 
"dropping  a  tape  length".  This  error,  which  is  not  uncommon  in  civilian,  as 
well  as  military,  surveying  results  from  no  instrument  deficiency,  but,  rather, 
from  lack  of  sufficient  concentration  upon  the  task  at  hand.  It  is  minimized, 
but  not  eliminated,  by  the  use  of  tally  pins  to  keep  account  of  the  number  of 
tape  lengths. 

Errors  also  occur  in  measuring  angles  with  the  aiming  circle  (see 
discussion  under  "Instruments"  and  Taole  c)  and  in  making  computations.  The 
recent  development  of  the  military  slide  rule  for  the  calculation  of  coordinates 
and  solution  of  triangles  has  undoubtedly  reduced  the  frequency  of  errors  in 
these  operations. 

fc.  At  the  Battery.  Errors  in  use  of  the  aiming  circle  occur  in  laying 
the  battery  as  well  as  in  surveying,  "o  100  $  er”ors  in  this  operation  were 
observed  by  us  but  several  of  recent  occurrence  were  reported  and  it  was 
evident  from  interviews  that  It  Is  a  recognized  source  of  error.  In  one 
instance  an  observed  error  of  200  4  resulted  from  incorrect  command.  The 
battery  wa3  laid  on  az.  U190  and  the  command  was  suddenly  changed  to  <4090.  The 
corrective  order  to  the  battery  was  R  100.  The  result*  ng  ?00  4  error  was  dis¬ 
covered  and  corrected  before  firing.  An  analysis  of  errors  at  the  battery 
among  school  troops  at  Field  Artillery  Scnool,  Fort  Sill,  revealed  that  20^ 
of  the  errors  were  made  by  the  executive  (see  Table  l)j  presumably,  these  con¬ 
sisted  mainly  of  errors  in  laying.  The  remaining  30^  of  errors  in  Table  1  oc¬ 
curred  at  the  guns  and  arose  primarily  from  misuse  of  the  gun-laying  instruments, 
failures  in  communications  or  improper  exec  tion  of  commands .  Deficiencies 
in  instruments  which  account  for  some  of  these  errors  are  discussed  in  a  later 
section.  \  similar  analysis  of  errors  recorded  at  t-he  battery  in  firing  9$ 
problems  at  Fort  Sill  is  given  in  Table  2.  This  table  includes  records  cf 
magnitude  as  well  as  source  cf  errors  and  illustrates  the 
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wide  rrrige  in  ru-gnitude  wlJch  ;.uy  he  expected*  It  is  interesting;  to  note 
that  fourteen  >ut  of  the  5b  errors  recorded  were  100  /  in  magnitude* 
0!'ser\ed  errors  during  firing  by  n  battery  from  a  well- trained  battalion 
are  recorded  for  *.31  records  in  Table  j,  Tr.»  ranee  in  taognitude  >f  errors 
in  deflection  ,.nd  elevation  observed  t.  •■ong  trainees,  shown  in  Tanle  A,  is 
c'.nilar  to  that  recorded  for  the  School  ''Yoon:,  in  Table 


r,  rcp.edtre.:  at  uf* 

Observations  of  pro  *eduree  rt  *-ue  CP  were  >f  li  dted  significanc  e 
owing  Vie  fact  tn.»t  student  officers  »ith  little  previous  exoeriunoe  »t«re 
conducting  fire  in  e« -h  case.  The  following  do,  however,  ii.l-st.rut*  the 
importance  of  following  standard  oferatlvo  procedures  arid  sending  clear 
instructions . 

(1)  Observer  ’«anted  »  shift  of  i.  I*.  3  but  gsve  an  order  for 
.  L  123  error  =  2ht  /, 


(..)  Observer  called  R,  net.. lug  t*j  oap  >(X»  R,  ..«•  followed 

this  by  ’’correction"  «nd  ><  h,  both  c-  •  »  a* ids  we. «  educated 
atthr  wins,  .taxing  t  total  s.iift  of  >0C  yards. 

(3)  An  -v  .server  senr>«*d  «.  round  *s  snort  and  ti.en  ordered  <jo\.n 
-ICC  yards. 

(it)  Indecision  on  the  p-v  t  of  the  ooserver  cured  errors.  For 
exo.uple,  .in  order  for  a  s  iall  deflection  was  ch,  -i.  od  to  t 
iurgei  shift.  Both  were  surpmtod  «t  the  guns. 


An  o-der  of  L  11C  wt.s  received 
R  10.  A  check  was  recuse  ted  Ly 
reply  w.ns  "Com.-nd  was  L  1C<;". 
as  rescinding  the  lust  order  of 
deflection  L  I’iC  or  an  e*""or  of 
tion  of  <*rrirs  -,t  the  gun  ‘eing 
.  n  the  chai"  of  cor oand. 


.t  t  <o  guns,  followed  ;>y 
one  of  the  gunners  .»nd  the 
m  .e  gunner  interpreted  this 
F.  10,  thus  making  his  to  t,*l 
11C  /.  Ti  it  is  an  i*.luit’a- 
cru.  «d  bp  infusion  higi  «r 


ri ,  "‘r.-r  s-  ission  cf  h/t>  ■.  •,-in.s  sun  Pat; 


I.rr.rs  were  observed  resulting  from: 

(1)  Si  Hilarity  of  sounds:  ii  195  rulers t  >>d  as  U  155 

LI  «-3d  understood  t is  Si  .  'a. 

(«.)  C  nf.aion  from.  ..  digit,  numbers:  29  d  u'glei  st«-od  .»c  -99*1; 

3(  al  undei  U>od  as  >-l. 

(3)  rieunderhti.ndinf :  0’>a.  t aj  V.O.  l»UC  r.;  iin.s^g**  vran:  ii’-tedl  10C  R. 

Deflection  K  31  understod  .a  K  20. 

T.C.  to  dxec.  El  adS;  Uxer,  uj  btry.  Ej.  Id5 


«  a  - 
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In  a  recent  study  by  the  Communicsi  ions  Department,  F/i  School,  an 
average  of  three  (3)  errors  in  co  ununication  occurred  per  ruction  fj.ed. 
Two-thirds  of  these  were  discovered  and  corrected  before  firing  but  the  delay 
which  the;  introduced  resulted  in  decreased  density  of  battalion  fire  on  the 

target. 

e.  Procedures  at  FDC. 

The  operation’s  at  FDC  are  of  such  a  nature  .aid  the  work  is  eo 
concentrated  that,  errors  are  bound  to  occur  in  transmission  of  riesuages  or 
data,  making  computations,  reading  instrument;.,  etc.  Recognition  of  the 
opportunities  for  error  has  resulted  ■’n  the  recent  re-design  of  the  range- 
deflection  fan  and  improvement  of  OF?  scales  and  minipul.  tion.  Approximately 
one  (1)  error  nor  mission  occurred  at  FDC  in  ;<  recent  study  by  this  Co  lotuni ca¬ 
tions  Department,  Fa  School. 

f .  Failure  to  execute  comnands  correctly  and  use  _of_  Jo nproner  technics . 


Post  common  error  was  in  direction  of  deflection  shift  of  gin.'., 
left  instead  of  right  and  vice  versa.  The  fre  wency  of  occurrence  is  evidently 
great,  especially  in  trainees.  Other  examples  included  failure  to  complete  new 
elevation  adjustment  -  quadrant  set  properly  but  gun  riot  leveled;  setting  off 
deflection  shift  properly  on  panoramic  sight  but  then  coming  back  onto  the 
aiming  stakes  by  rotating  th  *  sight  and  leaving  the  gun  in  its  original  nliyn- 
aent.  -Use  of  site  adjustment  knot  instead  of  elevation  was  noted  once,  if.e 
of  tne  wrong  aiming  stakes  was  noted  frequently  among  trainees.  Certain  trained 
units  employed  different  identification  colors  on  stakes  or  other  means  of 
avoiding  this  mistake.  In  one  instance  when  gun  was  known  tc  uc  out  of  align¬ 
ment  with  aiming  sicken  the  gunner  used  the  wrong  far  stake. 


I  no  tru  men  t.;  Error?. 

Hi*  ICC  /  error  was  noted  frequently  in  deflection  settings  and 
from  time  to  time  in  elevation.  Errors  resulting  from  confusion  in  selection 
of  proper  major  graduation  on  micrometer  scale  were  also  observed;  for  example, 
setting  El  dUV  instead  of  El  !!!<;. 


/til  instruments  employed  in  the  conduct  of  Field  artillery  fire 
ure  subject  to  errar  in  use,  varying  in  this  respect  with  their  complexity. 

Even  as  sijapie  a  process’  as  measuring  distances  in  survey  by  taping  is  accompanied 
by  the  dropping  of  a  tape  length.  Of  greater  complexity  are  the  sources  of 
error  in  the  aiming  circle,  panoramic  nights,  gunner's  quadrant,  etc.  These 
instruments  have  a  number  of  features  which  complicate  their  setting  and  reading, 
most  of  which  are  capable  of  improvement  by  redesign.  The  Ji-l*  panoramic  sight 
may  be  considered  as  a  case  in  point.  In  order  to  obtain  a  complete  azimuth 
reading  of  four  digits,  it  is  necessary  to  road  two  of  the  figures  from  one 
scale  and  two  f”om  another,  displaced  from  each  other  in  i>  direction  opposite  to 
the  position  of  the  digit,?  in  the  whole  number.  This  is  contrary  to  common 
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experience  in  reading  and.  leads  to  confusion.  Reading  of  the  touai  angj.c  from 
tv.'o  displaced  scales  accounts  far  the  well-known  1UC  /,  error,  which  occurs 
pri a.'-.niy  in  reading  angles  just  beiov.  or  above  even  hundreds  values.  In  *uch 
Ca  cs  tiie  index  on  the  coarse  scale  i;  close  to  a  hundreds  lino  to  which  it 
is  rei..ted  only  if  the  micrometer  reading  Jc  Just  arcve  zero.  'Jnlens  one 
micrometer  scale  is  first  exa..uned,  therefore,  the  wrong  coarse  scaie  value  may 
be  taken.  Further  confusion  arises  from  t  e  fact  that  the  coarse  scale  ICO  jd 
increment  linos  are  all  of  equal  length  and  are  numbered  only  at  aCC  jA  intervale. 
The  interpolation  thus  required  in  readinr  /.ngles  midway  in  value  between 
numbered  points  adds  to  the  probability  of  the  100  /  error. 

The  pattern  of  error  3  which  are  likely  to  occur  in  reading  deflections 
with  the  10.2  sight  are  illustrated  in  Table  5.  These  records  wore  obtained  in 

a  series  of  ''dry  runt",  employing  two  groups  of  School  Troops  at  Fort  Sill, 

assigned  as  experienced  and  ine  .-fieri  ‘need  men.  The-  series  of  twenty  angles  to 
he  measured  were  selected  in  advance  to  include  a  preponderance  of  values  in 
the  danger  r.one:;,  that  is,  near  even  1(0  /  values.  The  findings  are  significant. 
Among  the  experienced  men  them  >.on*  sixteen  1CX  /  errors  out  of  3tC  .readings, 
all  »f  which,  occurred  in  reading  r.nplo:  n^fir  an  even  hundreds  value.  Of  the 
eight  errors  in  reading  angler  just  below  a.u  even  hundreds  value,  sevw.u  were 
recorded  for  angles  which  wore  midway  in  val  ie  between  numbered  oa r kings  on  the 

coarse  scale  of  the  instrument  (Group  a  under  I  in  the  table);  (’oi*  example, 

13u6  (A  lies  half-way  between  the  numbered  scale  values  12  and  In.  Similarly, 
for  tire  three  angler,  j'ist  above  even  hundred  mil  values,  six  out  of  tnc  eight 
errors  occurred  in  reading  ar.glo  K  11,  •  lr.o  midway  between  numbered  markings 
on  the  coarse  scale’.  The  frequency  cf  total  c/rors  wa:  approximately  four 
timer  greater  among  inexperienced  men  an  compared  with  t:.e  experienced  men 
but  the  pattern  of  errors  was  essentially  similar  for  the  two  groups.  Particular 
attention  is  called  to  the  confusion  in  reading  angle  lull  pi  (Six  -I  X  •jh  errors 
out  of  17  readings  by  experienced  men)  which  suggests  that  the  sudden  jump 
from  3  d.igits  to  A  digits  added  to  the  uncertainty. 

Another  source  of  error  in  the  M12  panoramic  eight  arises  from  the 
limited  capacity  and  function  of  the  gunner's  aid..  Its  inadequacies  are  best 
demonstrated  by  the  fact  that  no  genera^  agreement  exists  among  artillery 
officers  as  to  the  proper  manner  of  use  of  the  aid.  In  one  instance  trainees 
wore  instructed  not  to  use  it  because  it  was  felt  that  it  actually  caused 
errors.  Among  other  units,  different  methods  of  use  were -noted  but  in  no  case 
did  we  see  it  employed  in  the  wanner  recommenced  in  Ordnance  manuals .  The 
concent  of  the  gunner's  aid  is  well  established,  and  it  should  be  designed  to 
serve  completely  and  obviously  for  the  intended  purpose,  namely ;  the  minimizing 
of  required  mental  calculations  on  the  part  of  the  gunner  in  executing  commands. 

h  somewhat  similar  study  of  errors  to  that  made  on  the  ^12  panoramic 
sirht  in  measurement  of  angles  by  means  of  the  aiming  circle  was  recently 
carried  out  by  the  Fa  School.  The  study  employed  110  student  officers  as  test 
subjects.  Six  angles  were  measured  along  a  cloned  traverse,  the  angles  varj ing 
in  size  as  indicated  in  Table  6.  Three  of  tiie  angles  were  clone  to  even  hundreds, 
viz:  795*0,  1193*7  and  1198.7.  Tiie  same  two  instruments"-  were  employed  by  all 
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subjects.  It  was  possible  to  account  for  most  of  the  incorrect  readings  either 
as  instrumental  errors  or  mistakes  ns  indicated  in  Table  6.  For  pusposes  of 
analysis,  most  of  the  errors  within  i  3  /  have  been  catalogued  as  instrumental, 
i.e.,  within  the  limitations  of  accuracy  of  setting  of  the  instrument  by 
operators  not  highly  skilled  in  its  use.  The  remaining  errors,  catalogued  as 
mistakes  have  been  distributed  into  four  categories  as  to  couse  from  a  study 
of  the  magnitude  and  sign  of  the  error  in  each  case.  The  first  of  these  causes 
is  reading  the  wrong  aide  of  the  adjacent  major  graduation.  For  example,  for 
angle  1199  there  were  12  readings  of  12Cl  which  are  interpreted  as  mistakes 
resulting  from  reading  the  Li  hundred  mil  value  on  the  coarse  scale  and  re;  ding 
the  micrometer  as  1  rather  than  99.  Similarly,  for  angle  8%  there  were  9 
readings  of  834.  Larger  errors  were  apparently  caused  by  reading  the  micrometer 
to  the  nearest  major  graduation  mark;  for  example,  reading’  790  instead  of  795, 
840  instead  of  836,  etc.  There  were  8  cases  where  angle  836  was  recorded  as 
853 •  It  is  possible  that  the  angle  was  read  as  835  and  the  figures  transposed 
in  recording;  they  have  been  so  classified  in  the  table.  A  total  of  fourteen 
100  ^  errors  occurred,  all  for  angles  close  to  an  even  hundreds  value.  Nine 
out  of  the  fourteen  were  recorded  for  angle  795,  thus  accounting  for  over  8% 
of  the  readings  of  this  angle.  The  summary  of  results  at  the  bottom  of  the 
table  shows  that  only  one-half  of  the  readings  were  correct  to  the  nearest 
rail  and  80)8  were  correct  to  within  1  mil.  Fifteen  percent  of  the  recorded 
values  were  evident  mis readings ,  which  may  be  attributed  to  weaknesses  in 
scale  design  and  displacement  of  the  two  scales. 


A  partial  list  of  sources  of  error  within  the  system  is  given  in 
Table  7.  It  is  recognized  that  nothing  nev  was  obtained  from  these  observations 
of  summary  of  reported  errors.  They  merely  corroborate  common  knowledge  among 
Field  Artillery  officers.  Awareness  of  the  universality  and  magnitude  of  the 
problem  and  necessity  for  constant  effort  toward  the  elimination  of  errors  was 
evident  in  all  discussions.  The  complexity  of  the  problem  indicates  that  no 
ready  general  solution  can  be  expected.  There  are  certain  obvious  sources  of 
error  in  instruments  which  appear  caps  .le  of  immediate  improvement  but  others  of 
more  subtle  character,  related  particularly  to  wording  and  transmission  of 
commands,  order  of  procedures,  computations,  etc.,  require  more  extensive  study 
before  possible  improvements  can  be  developed.  Pegnrdlesr.  of  the  number  of 
improvements  in  procedure  or  instruments  which  may  be  affected,  it  is  clearly 
understood  that  the  conduct  of  Field  Artillery  fire  is  and  must  always  remain 
primarily  dependent  upon  thq  personnel  for  success.  There  can  be  no  substitute 
for  adequate  training,  continuous  adherence  to  SOP  and  complete  concentration 
upon  the  task  at  hand  while  performing  duties  within  the  system0  The  i.ucsti.on 
may  properly  be  asked,  however,  to  what  extent  procedures  can  be  improved  and 
instruments  simplified  so  as  to  reduce  opportunities  for  error  when  there  is 
any  departure  from  the  ideal  functioning  of  the  system.  rlhe  immediate  plan, 
therefore,  is  to  initiate  studies  designed  to  bring  out  sources  of  erroi  nrrich 
are  capable  of  elimination  or  reduction  in  frequency  of  occurrence. 


4.  Flan  of  Future  Study. 

For  purposes  of  further  detailed  study  of  the  problem,  the  following 
plan  of  investigation  is  indicated: 
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3o  Improvement  in  instruments.  The  preliminary  observations 
clearly  point  to  the  need  for  improvement  in  inr> truoents ,  especially  in 
design  of  scaler,  for  more  certain  readine.  Immediate  steps  are  being  taken 
to  er**ect  i*nch  improvements,  with  tv  >  lines  of  develoDment  in  mind;  First, 
changes  in  design  which  will  not  affect  the  basic  construction  of  the 
instrument  and  can  be  applied  quickly  to  existing  instruments;  second,  more 
complete  redesign  v»ith  a  view  to  further  improvement  in  function,  but 
requiring  changes  ir.  construction  v.hich  can  only  be  employed  in  later  production. 

b0  Detailed  job  analyses  -  This  phase  of  the  study  contemplates  a 
critical  examination  of  every  procedure  and  job  within  the  system  with 
particular  reference  to  the  opportunities  for  error  which  exist  in  the  per- 
form/icoe  of  the  rewuirod  operation.  The  v.orl:  will  consist  primarily  in  regular 
observation  and  study  of  errors  in  independent  ''dry-runs"  of  each  operation  or 
major  eroup  of  operations  taken  separately.  The  purpose  will  be  to  provide  a 
derailed  background  of  information  on  the  nature  and  cause  of  er:*~rr  that  do 
occur  in  each  instance.  The  studies  '.vi.ll  be  so  designed  as  to  give  quantita¬ 
tive  lituisni  emeuta,  s<  far  as  possible,  of  the  importance  of  such  errors  in 
relation  to  the  overall  eff ectivene&s  of  artillery  fire. 

c„  Critics!  study  of  operation  of  entire  system.  By  means  of 
facilities  for  complete  recording  op  ail  operations  in  conduct  of  fire,  the 
functioning  of  the  entire  system  w’il  be  studied  during  actus-  firing.  Trom 
tne  data  thus  collected,  full  information  on  native,  magnitude  and  sources  of 
errors  will  be  determined  under  various  conditions  of  operation.  It  will 
also  be  possioie  to  measure  the  benefits  from  certain  proposed  improvements 
in  instruments  and  yo orations  in  quantitative  terms  of  relative  effectiveness 
of  i*ire. 
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table  i 

Distribution  of  :J*ror3  Observed  at  Lottery  Position 
F.  A.  School,  School  Troops,  Ft.  Sill,  During  e  Two  Year  i  eriod 


KUyBiR 

PER  CERT 

TOTmL  iZlRORS 

1765 

1. 

Errors  r.ade  by  Executive 

347 

1 

20  o  2 

2. 

Er rors  at  the  Our.s: 

1084  61.7 

23.6  12.5 


(aj  in  Deflection 

(b)  in  Range 

(c)  In  Distribution 


78 


5o3 


TmBLE  2 


Summary  ci  Type  find  Magnitude  of  Errors  Made 
Problems  —  F.A.  School,  School 


During  Ninety-five 
Troops 


TCTrtL  ERRORS 
l,  ERRORS  MADE  AT  SUES 
A.  Ir.  Deflection 


56 


Dumber:  24  (4Tj#) 

Magnitude  in  ails:  3-12-13-25-40-74-84- 100(8)*-140- 

150-160-200(2 )-240-280-300-40 5 


B.  In  Elevation 


Dumber:  10  (18«) 

Magnituoe  in  mils:  10-20 (2)-30- 53-7 5-98- 100(3) 


G.  In  Site 

Dumber:  3  (5^*) 

Magnitude  in  mils:  7-30(2) 


L).  In  Range 

Firing  .rung  Ch-rge:  ..  (7 

.ron i  us1  'otting  (Suggested):  7  (12f,S) 

Magnitude  -  300  to  2500  yds. 


SKHOns  MADE  BY  ELJCUTIVE  IN  LAYlI.ri  BATTHRY  . 
Number:  8  (14")) 

Magnitude  in  mils:  37-57-100(3 )-200-203-403 


^Numbers  in  (  )  indicate  number  of  times  that  error  occurred. 
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TABLE  3 

Observed  Errors  Ef.de  at  Battery  ana  O.P, 
well-trained  Battalion 
Fort  Bragg 


NUMBER 

Total  Rounds  Fired 

231 

Total  Problems  Fired 

16 

Problems  having  errors 

1C 

Largest  No.  ol'  .Errors  ii  One  Problem 

4 

TOTAL  EiiiiOkC  OBBJiV^U 

15 

Type  of  Errors  at  Huns 
(a)  Deflection 

s 

(b)  tHevation 

3 

(c)  .Bite 

l 

(d)  Fuse  Betting 

h 

(e)  Recorders 

0 

Errors  due  to  Confusion  at  O.P. 

u 

TABLE  4 

Kind  and  Fapnitude  of  the  Errors  Observed  at  nuns  Luring 
Service  Practices  of  laRTC  Trainee  Oroups 
Fort  Bragg 


In  Deflection  (mile) 


1,  2,  3,  4,  5,  6,  9,  10,  15,  IB,  20,  2„,  LB,  30, 
32,  40,  53,  60,  64,  100,  130,  180,  286,  400,  300 

In  Elevation  (nils) 


16,  18,  20,  36,  40,  60,  80,  100 


Errors  in  7easurements  of  Deflections  with  Telescope,  Panoramic,  PI?. 


Dumber  of  i^rrors 


Experienced  !'en  (17) 

Inexperienced  ?  er.  (20/ 

Angle,  / 

loo  fi 

Other 

100  i 

Other 

I.  Angles  J'i?t  Below  Even  100  Value 


ci.  194 

1 

- 

1  5 

1 

287 

1 

1 

r* 

i 

A 

68? 

1 

- 

7 

- 

1097 

- 

- 

8 

i. 

1396 

3 

- 

9 

- 

1685 

1 

-  ■ 

3 

i 

b0  389 

_ 

- 

4 

i 

393 

- 

- 

(> 

s 

498 

1 

- 

2 

1 

791 

- 

- 

3 

_ 

890 

- 

- 

3 

1 

JL 

.  2894 

- 

- 

2 

- 

Totals 

3.  -  7(?.44) 

a.  -  1  (,0.5a.) 

a.  -  39(16.2,;; 

a.  -  5(2.1 1) 

b.  -  1(0. 5, a) 

o.  -  0 

b.  -  20(8.3*) 

b.  40.-:) 

II.  Angles  Just  Above  Even  100  (jl  Value 

307 

1 

_ 

: :  1 

r  . 

906 

1 

2 

- 

5 

1011 

6 

- 

5 

1 

Totals 

8(15.7,; 

2(3.9  i) 

7(11.7)) 

6  ( 1 0  o  0  o ) 

III.  Intermediate  Angles 

—  - - —  —  -  « 

265 

~ 

I  ( 

u 

548 

_ 

3 

- 

841 

- 

- 

- 

- 

1262 

- 

- 

- 

- 

2822 

- 

1 

- 

- 

”1 

Total? 

0 

2(2.3*) 

7(7.0*) 

tl{  2.  mO  -O  J 

r . . . . . . . — — — 

j 

r 

| 

• 

* 

T 

AEI.L  6 

Cur-nary  of  Teste  on  Angle 

i'easurenents  by’  Aiming  Circle 

110 

;'iiv  ects 

F.A.  Scnoo 

1  -  Fort  '  ill 

Measured  Angle 


3v  Transit 


Most  i  re  • .  oy  t. 


Correct  Meas 


835.8 

1165.6 

1211.4 

836 

1165 

1211 

II.  l.'c.  Iri3tr.  .rrors 
-  1  nil 


nil 


3  nil 


Total 


Read  wren r  side  naj .  grad 


Read  near  ma.i  „  gr ad 


Transposition  of  Figures 


100  Mil  Plus 


Record,  reverse  angle 


,'o  obvious  explanation’ 


Total 


h  Correct  *  49.5;  «  Inctr.  Errors  up  to  ±3  nil  -  34.8;  %  Mistakes 


^Hanging  in  magnitude  from  4  to  50  mils 


2 

8 

26 

23 

Totals 
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TABLE  VII 


PARTIAL  LIST  i  V  SOURCES  0?  ERROR  11,  ARTILL^E. 


T .  Tn  Survey . 

a.  Res u. i. tire  from  misread  r.g  r  i. .  ,;„;.er  ..ani,  •  I  ation  r  aim-'  ng 
circle  or  transit. 

b.  Errors  in  measuring  distance. 

(1)  Drop;  ir.g  tape  length. 

(2)  Leading  tape  from  wrong  end. 

(3)  Confusion  of  feet  ar.d  yards. 

c.  Errors  in  computations . 

II o  At  Rattery. 

a.  Resulting  from  misreading  or  improper  operation  of  instruments, 

'1)  Aiming  circle. 

(°)  Par.,  rami  c  sight, 

(з)  ,’.adrant  -  gunner's  and  mounted, 

(и)  fuse-setting  scale. 

(?)  Inadequate  illumination  of  instruments, 
c.  Resulting  from  improper  technics. 

(1)  Deflection  shift  in  wrong  direction, 

(2)  Failure  to  level  bubbles  at  proper  ti.ne. 

(3)  Use  of  vrrong  aiming  stakes. 

(U)  ImDroper  powder  charge. 

(?)  Departing  from  SOP  ("Failure  to  call  '"‘he  Command  was",  etc.) 

c.  Resulting  from  errors  of  ccm-muiF  cations  -  lack  of  attention  -  not 
concentrating  cn  +ask  at  hand, 

ill.  At  Eire  Direction  Center. 

a.  Resulting  from  misreading  :r  improper  operation  or  instruments. 

(1)  sing  incorrect  scale  rcr  ur,. 

(2)  Ran -e  -  deflection  fan  u.nd  ..uotractor. 

(3)  Craphical  firing  table. 
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b.  Resulting  from  improper  technics. 

Cl)  Errors  in  computations. 

(2)  rxrors  in  (graphical  plotting  and  analysis. 

c„  ue3ultin£  from  errors  of  communications  -  lack  of  attention  and 
not  concentrating  cn  task  at  hand. 

I  Vo  At  Observation  Foat<, 

a.  Misreading  observation  instruments. 

b.  Failure  to  sense  ornperly  in  regard  to  GT  ar.d  OT  lines. 

Co  Departure  from  SCP. 

do  Errors  in  communication. 

V.  Communication . 

a.  'loo  many  individuals  involved  in  transmission  r f  m^ssa-e. 

b.  Hot  usin-  clear  enunciation  'f  words. 

c.  Failure  jtc  i  se  proper  pronunciation  tc  distinguish  between  vord? 
vo.th  similor  sour:  is. 

u.  railirr  to  follow  SOP. 

e.  Lack  of  concentration  on  task  a t  hand. 

VI .  Personnel. 

a.  Inadequate  neriou  of  training. 

b.  Inadequate  mathematical  capacities. 

Co  Limited  visual  capacities  -  day  and  night,. 

d.  Hearing  -  sreech. 

e.  Fatigue. 

f.  Lnvi ronmert.al  factors  -  noise,  ilium  nation,  ieni'F  stress. 

.  Lack  o'"  attention. 

* ui.  I,  l 
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